Background: HIV counselling and testing (HCT) services can play an important role in HIV prevention by encouraging safe sexual behaviours and linking HIV-infected clients to antiretroviral therapy (ART). However, regular repeat testing by highrisk HIV-negative individuals is important for timely initiation of ART as part of the 'treatment as prevention' approach. Results: The proportion of participants using HCT increased from 9.4% at Sero-4 to 16.6% at Sero-5 and 25.5% at Sero-6. Among participants attending all three sero-survey rounds (n = 2,010), the proportions using HCT twice or more were low, with 11.1% using the HCT service offered at sero-surveys twice or more, and 25.3% having tested twice or more if reported use of HCT outside of sero-surveys was taken into account. In multivariable analyses, individuals testing HIV-positive were less likely to repeat test than individuals testing HIV-negative (aOR 0.17, 95% CI 0.006-0.52).
Introduction
HIV counselling and testing (HCT) services have recently expanded rapidly in sub-Saharan Africa in order to facilitate access to HIV treatment and care [1] . It has also been widely assumed that HCT services play an important role in HIV prevention, by motivating both HIV-negative and HIV-positive individuals to reduce sexual risk taking and adopt preventive behaviours [2, 3] . The contribution of HCT to HIV prevention may potentially acquire a further role in light of the treatment as prevention (TasP) approach, which suggests that widespread use of antiretroviral therapy (ART) could have a substantial impact in reducing rates of HIV transmission as a result of reduced viral loads in treated patients [4] [5] [6] . One modelling study suggested that regular testing for all adults aged 15 and over once per year, followed by immediate access to treatment for those testing positive, could result in the near elimination of HIV in generalised epidemic settings within 50 years [4] . However, this assertion has been challenged by other authors [7] .
Despite increases in the numbers of individuals accessing HIV testing and treatment services, the World Health Organisation reported in 2011 that knowledge of HIV status remains broadly inadequate. In six countries with results from population-based surveys conducted in [2007] [2008] [2009] , the proportion of respondents unaware of their HIV-positive status ranged from about 30% in Kenya to almost 70% in the Congo [1] . Only a few studies have investigated rates of repeat testing in sub-Saharan Africa [8] [9] [10] [11] , with just two of these being carried out since ART has become more widely and freely available [8, 9] . In terms of eventual TasP implementation, it would be particularly important that individuals initially testing HIV-negative but who are at high risk of seroconversion (for example as a result of high risk sexual behaviour) come back to test on a regular basis. This paper reports on the uptake of HCT services during the latest round of HIV serological surveillance carried out in 2010 as part of an on-going community cohort study in Kisesa in northwest Tanzania. It also reports on repeat use of HCT services over consecutive rounds of serological surveillance carried out between 2003 and 2010; a period of time which saw a number of changes in terms of the availability of HIV services, including the commencement of a national ART programme at the start of 2005, and the opening of a permanent HCT clinic in the study area later that year. We explore how these changes affected rates of first time and repeat HCT over time.
Methods

Ethical Statement
Ethical approval for each survey round of the Kisesa cohort study has been granted by the Tanzanian Medical Research Coordinating Committee and the Ethics Committee of the London School of Hygiene and Tropical Medicine. During the 2003-2004 survey, verbal consent was obtained directly from all study participants including those aged 15-17, due to low literacy rates among the study population. Consent was witnessed and documented for each study participant on their survey questionnaire, by a member of the sero-survey team. During serological surveys in 2006-2007 and 2010 , consent was again obtained directly from all study participants including those aged 15-17, however the option of written consent was introduced, for those who were able to provide this. Although data from the subsequent serological survey in 2012-2013 are not used in this paper, it was recommended by the review committee that additional written consent be obtained from parents or guardians for participants aged 15-17 for this round, and this was implemented accordingly.
Study Setting
The study setting in Mwanza region has been described in detail by Mwaluko et al [12] . Briefly, the study area lies approximately 20 km to the east of Mwanza city and consists of six villages which make up the administrative ward of Kisesa, with a combined population of approximately 32,000 people. Some sub-villages lie along the main tarmac road which cuts through the study area and leads to the border with Kenya, while other sub-villages are located further away from the road in rural areas. The largest village in the study area, Kisesa trading centre, lies directly along the main road.
Since 1994, 27 rounds of demographic surveillance and six HIV serological surveys have been completed. Demographic surveillance took place approximately once every six months, collecting information on residence and survival status of all household members, pregnancy among women of reproductive age, and births and migration. Eligibility and invitations for the serological surveys (sero-surveys) were prepared based on having been resident at the last round of demographic surveillance and being aged 15 or older at the time of the sero-survey. Venous blood was collected from all consenting participants during the first serosurvey in 1994/1995, while finger prick blood was collected during all subsequent sero-surveys. Samples were tested for HIV anonymously at the National Institute for Medical Research (NIMR) in Mwanza.
A separate and confidential HCT service was provided in temporary village based facilities during the fourth, fifth and sixth rounds of serological surveillance in 2003-2004 (Sero-4), and 2010 (Sero-6), for those wishing to know their HIV status (see below for further details). Height and weight measurements were taken during sero-surveys, accompanied by a detailed questionnaire. The questionnaire was administered by same sex interviewers and included items on socio-demographic characteristics, sexual behaviour, health status and previous HCT service use. All study participants were additionally offered free medical treatment for any health problems present at the time of the sero-survey.
HIV Counselling and Testing and other Health Services
The study population is served by a government-run health centre located in Kisesa trading centre, by three small government-run dispensaries located in the rural villages, and by a number of private clinics located mainly in the trading centre. HCT services are distinguished as those provided at stand-alone voluntary counselling and testing (VCT) clinics, or via other clinics within a hospital or health centre (usually at antenatal, sexually transmitted infection or tuberculosis clinics), referred to as provider initiated testing and counselling (PITC). A stand-alone VCT clinic opened at Kisesa health centre in 2005, while PITC has been offered to all pregnant women attending the health centre antenatal clinic (ANC) since the end of 2008. PITC has also been available at the out-patients department since 2010, where testing may be offered to patients attending the sexually transmitted infection and tuberculosis clinics. Since mid-2009, antenatal PITC is usually offered at the small rural dispensaries, dependant on the availability of test-kit supplies.
When HCT services were first provided in Kisesa in 2005, patients testing HIV-positive were referred to Mwanza city hospitals, where free care and treatment services have been available under the national ART programme since the beginning of 2005. At the end of 2008, ART services became available locally at a Care and Treatment Centre (CTC) at Kisesa health centre. At this point, individuals testing HIV-positive were referred to Kisesa CTC for care, while patients already attending Mwanza city hospitals were given the option of transferring to Kisesa CTC if they wished.
Since the fourth sero-survey round in 2003-2004, a separate and temporary VCT clinic has been available to all sero-survey participants wishing to know their HIV status. After their questionnaire interview, individuals expressing desire for VCT were directed to a separate purpose-constructed hut for pre-test counselling with a trained counsellor. At Sero-4 venous blood was collected and transported to the NIMR laboratory for HIV testing, and clients were asked to return for their test results and post-test counselling one week later [13] . During Seros 5 and 6, venous blood was again collected but rapid HIV screening tests were used; results and post-test counselling were usually delivered within 45 minutes of the test being performed [14] . Individuals testing HIVpositive at Sero-4 were informed that treatment would become available in the near future through the national ART programme. With their prior agreement, these individuals were subsequently traced by the VCT counsellors and referred to the zonal referral hospital in Mwanza. Individuals testing HIVpositive at Sero-5 were referred directly to Mwanza city hospitals, while those testing positive at Sero-6 were referred to the local Kisesa CTC. 
Data and Analysis
All survey data were double entered. Linking of demographic data, sero-survey interview data, HIV research tests and sero-survey VCT attendance was carried out anonymously using study identification numbers. Sexual behaviour variables collected during sero-survey interviews included age at first sex, number of sexual partners and frequency of condom use with different partner types. Marital change and spouse identification variables were obtained from the demographic data, after which spouses' HIV-status was anonymously linked in from the serological data. The percentage change in body mass index (BMI) at each sero-survey was calculated using height and weight data collected at the previous sero round, for those who had attended the previous sero-survey.
At Seros 4, 5 and 6, the survey questionnaire also captured information on participants' self-reported prior use of HCT services, including VCT use at various other clinics within and outside the study area (e.g. Kisesa health centre VCT, 'Angaza' VCT clinics run by the African Medical Research Foundation, other temporary mobile VCT clinics provided occasionally in the study area by nongovernmental organisations or regional hospitals), and via PITC at antenatal clinics and/or hospital outpatient departments. At Seros 5 and 6, it was possible to additionally identify those with known prior use of VCT at an earlier sero-survey round, for those who had attended an earlier round.
All statistical analyses were done using Stata 12 (StataCorp LP, Texas, USA). In order to ensure that all individuals had an equal period of time during which they might have repeat tested, a repeat tester was defined as somebody who attended both Sero-5 and Sero-6 and who used the VCT service available at each of these rounds. Univariable analyses were used to describe associations between all variables of interest and i) uptake of VCT at the Sero-6 round, ii) repeat use of VCT at the Sero-5 and Sero-6 rounds. Logistic regression models were fitted to identify characteristics independently associated with VCT uptake using a forward-fitting approach and including all variables significant in univariable analyses at the p#0.10 level. Likelihood ratio tests were used to assess the inclusion of variables in multivariable models.
Results
Factors Associated with VCT Use at Sero-6
Altogether 8,008 individuals attended the Sero-6 round, of whom 60.9% were women. In total 31.7% of men and 30.5% of women gave consent to use VCT, while 25.9% of men and 25.2% of women subsequently went for VCT. This represents approximately a doubling in the proportion of men using VCT since Sero-4, and a threefold increase amongst women (Table 1) . Table 1 shows trends in the factors most strongly associated with uptake of VCT at Seros 4, 5 and 6 in univariable analyses. (Previous analyses of factors associated with VCT uptake at Seros 4 and 5 have been published by Wringe et al [13] and by Isingo et al [14] . The analyses were updated and provided in Table 1 for context). These included having previously used an HCT service, having a spouse who used VCT during that sero-survey round, area of residence (those living in roadside villages or in the trading centre being more likely to use VCT compared to those living in rural villages) and level of education (those with most education being most likely to use VCT). In addition, those who were HIVpositive were more likely to test compared to HIV-negatives, except at Sero-6, when HIV-positive women were less likely to test than HIV-negative women (odds ratio [OR] 0.77, 95% confidence intervals [CI] 0.59-1.00).
A full analysis of the associations between socio-demographic, clinical and behavioural characteristics and VCT use at Sero-6 can be seen in Tables 2 and 3 . Similar factors to those mentioned above persisted as independent predictors of VCT use at the Sero-6 round. Among men, these included previous HCT use (adjusted odds ratio [aOR]: 2.30, 95% CI 1.88-2.81), having a spouse who used VCT at Sero-6 (aOR HIV-negative spouse using VCT: 2.90, 95% CI 1.93-4.36; aOR HIV-positive spouse using VCT: 4.31, 95% CI 1.08-17.26), and area of residence (aOR those living in trading centre compared to rural villages: 3.24, 95% CI 2.55-4.12; aOR those living in roadside compared to rural villages: 2.57, 95% CI 2.07-3.19). Similar factors were independently associated with VCT use among women (Tables 2 and 3) with the addition of level of education; women with no education were significantly less likely to use VCT compared to those with 5-7 years of primary education (aOR 0.67, 95% CI 0.55-0.80).
In contrast to earlier rounds, women who were HIV-positive at Sero-6 were significantly less likely to use VCT compared to HIVnegative women (Table 3: Figure 1 shows the number of individuals attending one or more sero-surveys and the number of times a) VCT was used at a sero-survey; b) an HCT service was ever used (i.e. at sero-survey and/or reported use of HCT outside sero-surveys). Considering VCT use at sero-surveys only (Figure 1a) , of those attending all 3 seros (n = 2,010) 64.0% never used VCT, 24.9% used VCT once and 11.1% used VCT either two or three times. Taking into account reported use of HCT services elsewhere (Figure 1b) , of those attending all 3 seros, 48.0% never used HCT, 26.8% used HCT once and 25.3% used HCT two or more times. In total, of all participants attending at least one sero-survey (n = 17,483) and considering HCT use at serosurveys and/or elsewhere, just 11.2% had ever tested twice or more.
The proportion of participants who had never used any HCT service declined more rapidly over time among HIV-positive participants compared to HIV-negative. Figure 2 shows the proportions of men and women who had ever used HCT at serosurveys and/or elsewhere by the end of each sero-survey round by HIV-status, with HIV-status reflecting status at the sero-round in question rather than at any earlier test. By 2010 (Sero-6), 60.2% of HIV-positive men and 65.2% of HIV-positive women had tested at least once, compared to 41.8% of HIV-negative men and 49.3% of HIV-negative women. Overall, 16.7% of men and 22.9% of women attending Sero-6 had ever repeat tested (i.e. tested twice or more).
When interpreting data which includes reported as well as known or documented use of HCT services, it should be noted that there is a tendency to both over and under report previous HCT service use. Table 4 shows that among HIV-negative individuals, of 7,015 instances where participants attended two consecutive sero-survey rounds (either Seros 4 and 5 and//or Seros 5 and 6), in 823 instances participants reported that they had used VCT at the earlier sero-survey round. However, comparison against earlier records revealed that in only 57.6% of cases (474/ 823) these participants had actually used VCT at the earlier round, with 42.4% (349/823) giving incorrect reports. Furthermore, of 822 instances where HIV-negative individuals had known use of VCT an earlier sero-survey round, in 42.3% of cases (348/822) these individuals failed to report this VCT use when asked at the later sero-survey round. Similar trends were seen among HIVpositive individuals, although in an even larger proportion of cases (49/89 or 55.1%) participants incorrectly reported VCT use at an earlier sero-survey round that did not actually occur. Of 67 instances where HIV-positive individuals had known use of VCT at an earlier sero-survey, in 40.3% of cases (27/67) participants failed to report this VCT use at the later round. Figure 3 shows the proportion of men and women attending Sero-6 who had used different HCT services. Outside of serosurveys, the largest numbers of tests were carried out at the VCT and ANC clinics at Kisesa health centre. These clinics were used by a larger proportion of women than men. However, it is expected that only a small number of men would be tested at the ANC while attending with their partners. Smaller numbers of individuals tested at Angaza clinics in Mwanza city or elsewhere, at mobile VCT clinics and at other locations, where the proportionate use by men and women was more equal. Table 5 shows the characteristics of individuals who attended Sero-5 and used VCT at this round, and who also attended Sero-6 (n = 564; 234 men, 330 women). In total 321/564 participants (56.9%) used VCT at Sero-5 only, while 243/564 (43.1%) used VCT again at Sero-6 (i.e. repeat tested). Significantly fewer individuals who were HIV-positive at Sero-5 used VCT again at Sero-6 (n = 5/28, 17.9%) compared to those who were HIVnegative at Sero-5 (n = 238/534, 44.6%). However, a smaller proportion of individuals who sero-converted between sero-surveys (i.e. HIV-negative at Sero-5, HIV-positive at Sero-6) used VCT again at Sero-6 (n = 2/7, 28.6%) compared to those who did not sero-convert (n = 240/553, 43.4%). The proportions of individuals repeat testing increased with higher risk sexual behaviours (those married polygamously, those with higher numbers of sexual partners in their lifetime or in the last 12 months, and those using condoms inconsistently), although not all of these associations were Table 3 . Cont. statistically significant in univariable and multivariable analyses ( Table 5 ).
Factors Associated with Repeat Use of VCT
The factors most strongly associated with repeat testing in multivariable analyses included area of residence (aOR for trading centre compared to rural villages: 2.34, 95% CI 1.35-4.04; aOR for roadside villages compared to rural villages: 2.67, 95% CI 1.73-4.12), being of Islamic faith (aOR for muslims compared to catholics: 9.14, 95% CI 1.88-44.47), testing HIV-negative at Sero-5 (aOR for testing HIV-positive compared to HIV-negative: 0.17, 95% CI 0.006-0.52), reporting using condoms inconsistently (aOR for using condoms inconsistently compared to never using condoms: 1.78, 95% CI 1.06-3.00) and being married polygamously (aOR for those married polygamously compared to those never married: 1.73, 95% CI 0.97-3.08). Those with no education were also significantly less likely to repeat test than those with a primary level of education (aOR 0.58, 95% CI0.34-0.98).
Discussion
The uptake of HCT services increased steadily in Kisesa between 2003 and 2010, with 9.4% of all participants using VCT at Sero-4, 16.6% at Sero-5 and 25.5% at Sero-6. In spite of this, by the end of the Sero-6 round (n = 8,008), a substantial proportion of participants had never used any HCT serviceapproximately 36% of all HIV-positive individuals and 54% of all HIV-negative individuals. Furthermore, among participants who attended all three sero-survey rounds (n = 2,010), almost half (48.0%) had never used any HCT service (at sero-survey and/or elsewhere). This figure rose to almost two-thirds (64.0%) if considering VCT use during sero-survey rounds only.
Considering the rapid expansion of HIV testing and treatment services within the study area over the time period in question, it is disappointing that the proportions of individuals who had used an HCT service at least once were not even larger. Previous research has identified numerous barriers to the uptake of HIV testing services in sub-Saharan Africa including prohibitive costs associated with travelling to health clinics, shortages of test-kit supplies, high levels of stigma and discrimination and concerns about confidentiality [15] [16] [17] [18] [19] [20] [21] . It is likely that stigma formed the greatest barrier to VCT use during sero-surveys in this study, as transport was provided free of charge, test-kits were adequately supplied, and previous research has found trust in sero-survey counsellors to be high [14] . However, previous qualitative studies have found high levels of HIV-related stigma in Kisesa, which results in fear and a reluctance to test [22, 23] . Outside of sero-surveys, it is likely that a combination of the factors mentioned above contributed to the low rates of uptake of testing seen.
At each sero-survey round, those who had previously used an HCT service were significantly more likely to use the VCT service offered than those who had never used HCT before. However, among participants who attended all three sero-survey rounds (n = 2,010), the proportions repeat testing (i.e. using HCT twice or more) were low, with 11.1% using the VCT service offered at sero twice or more, and 25.3% having tested twice or more if reported use of HCT outside of sero-surveys was taken into account. As the latter estimate includes data on reported use of HCT services, we expect some error around it. However, the numbers of participants over and under reporting previous VCT use were very similar, with 399/917 (43.5%) of all individuals over-reporting previous VCT use that did not occur, and 378/896 (42.2%) underreporting previous VCT use that did occur. As a result, the estimate is likely to provide a fairly accurate measure of the proportion of individuals who repeat tested among those who attended all three sero-survey rounds. While repeat HCT use did increase over time, the proportions testing more than once were still low by the end of the Sero-6 round, when 16.7% of all men and 22.9% of all women had ever repeat tested.
The proportions of participants repeat testing in Kisesa are somewhat lower than has been reported elsewhere in sub-Saharan Africa, where estimates ranged from 24.2% in a community Table 4 . By HIV status: number of times individuals reported using VCT at an earlier sero-survey round, versus number of times VCT was actually used at the earlier round. cohort study in Uganda [11] to 73.4% in another cohort study in Malawi [10] . HCT services were provided in the home in both of these studies, which may have contributed to the higher rates of uptake seen. One recent systematic review found that home-based HCT may be one way in which to substantially increase the numbers of people undergoing HIV testing in sub-Saharan Africa [24] , although such a service would likely place significant financial and logistical demands on the local health service infrastructure. In Kisesa, it is clear that HIV testing rates are currently well below the one test per adult per year required by Granich et al in their model [4] , and further dramatic increases in the rate of uptake would be required if TasP were to be implemented. In the analysis of factors associated with repeat VCT use (among those attending Seros 5 and 6), there was some evidence that HIV-negative people with higher risk sexual behaviours were among those who were most likely to repeat test. This is encouraging in terms of the potential to pick up those who are most at risk of HIV-infection. However, sero-converters were not significantly more likely to repeat test than those who did not seroconvert. Only 7 individuals sero-converted between the two rounds in this analysis, and so our sample size may have been too small to detect any meaningful difference. Other characteristics which were significantly associated with repeat VCT use included area of residence and level of education, highlighting a persistent inequity among those gaining access to HCT which was first seen in 2003-2004 [13] .
Outside of sero-surveys, most participants reported having used HCT services at Kisesa health centre, where the VCT clinic was favoured disproportionately by women. This may reflect women who were offered PITC at the antenatal clinic but who were subsequently referred to the VCT clinic for testing (possibly due to shortages of staff or other resources at the antenatal clinic). However, it may also reflect a disinclination among men to use the health centre, which may be viewed as a place for women to receive services. Other HCT services such as mobile VCT clinics and the Angaza VCT clinic in Mwanza were used more equally by men and by women, but by smaller numbers of individuals overall, likely as a result of their temporary availability (mobile VCT clinics) or distance from the study area (Angaza clinic). With ever larger numbers of women being tested for HIV antenatally in subSaharan Africa [25] , men may increasingly represent an underserved group in some settings.
This study has a number of strengths including a wealth of data covering an important period of time in terms of the development and increasing availability of HIV testing and treatment services in Kisesa. The study made use of data on both reported and actual use of HCT services, allowing for comparison of rates of testing using the two different data sources. It also allowed for comparison of the accuracy of reported versus actual HCT use, which was seen to be variable. This may have been caused by confusion when answering questions relating to previous HCT use and the exact location of any testing, and/or as a result of reporting biases.
We have seen declining participation rates in the Kisesa cohort study over time, particularly among younger men living in urban areas (Urassa et al, unpublished data), which may have affected our results. HIV-positive individuals may have been disproportionately represented among those not participating [26] , which may have biased estimates of repeat testing upwards, as HIV-positive participants were seen to be less likely to repeat test in multivariable analyses. However, the main group of interest in terms of repeat testing is HIV-negative individuals. In contrast, estimates of repeat testing may have been biased downwards as a result of lesser participation among men living in urban areas, where people were significantly more likely to use HCT. 
